We have examined the expression and function of the heterotrimeric GTP-binding protein Gq during early Xenopus embryogenesis. Abundant XGaq transcripts were detected in oocytes and early embryos by Northern blot analysis. In situ hybridization revealed that these transcripts are confined to the animal hemisphere of the mature oocyte and to the presumptive ectoderm of cleaving embryos. Microinjection at the two-cell stage of aq and Q209Laq, a constitutively activated mutant, causes a disruption in ectodermal cell adhesion at late gastrulation. Dissociation/reaggregation experiments performed on animal cap explants clearly demonstrate that the Q209Laq-induced phenotype occurs after reaggregation of the explants with a time-course similar to that observed in whole embryos. RT-PCR experiments performed on the explants from Q209Laq-injected embryos revealed a selective decrease in the amount of EP-cadherin mRNA. Coinjection of EP-cadherin RNA, but also E-cadherin RNA, rescued the disaggregated phenotype. These data emphasize the functional link between Gq protein-coupled signalling pathways and cadherin molecules in the ectodermal layer during the morphogenetic movements of gastrulation.
Introduction
The development of a multicellular organism begins with a single cell, the fertilized egg, which will generate through mitotic divisions the diverse cell subtypes in the body. This cell diversity results from distinct fates acquired through asymmetrical inheritance of cytoplasmic determinants and by extracellular signalling between cells, called inductions (Gurdon, 1992) . In addition, cells which have a common fate will cosegregate and participate in the formation of various organs. Consequently, two interdependent processes need to be well co-ordinated in time and space to yield various tissue forms in the embryo: first, diffusible signalling between cells through short-or long-range emission and decoding of extracellular ligands (Jessel and Melton, 1992 ) and second, adhesive interactions involving direct cell-cell contacts or adhesion to extracellular matrix networks (Takeichi, 1991) .
Mesoderm induction and patterning during Xenopus embryogenesis provide a good example of this interdependency between cell specification and cell sorting. Mesoderm induction can begin as early as the 32-cell stage (Gurdon et al., 1985; Jones and Woodland, 1987) and is accompanied by an initial regionalization along the dorsal-ventral axis which results both from the distinct inductive properties of dorsal-most vegetal blastomeres (Dale and Slack, 1987) and from the different responsiveness of the dorsal region of the ectoderm (Sokol and Melton, 1991) .
As far as the inductive signal is concerned, the candidate molecules can be assigned to two distinct families, the TGFb family, including activin (Asashima et al., 1990) , Vg1 (Thomsen and Melton, 1993) and BMP-4 (Kösster et al., 1991) , and the FGF family (Kimelman and Kirschner, 1987; Slack et al., 1987) . Based upon their activity, they fall into two groups: activin and Vg1 induce all mesodermal subtypes (Asashima et al., 1990; Thomsen and Melton, 1993) , whereas BMP-4 and FGF induce mesoderm of ventral or ventro-lateral character Dale et al., 1992) . Furthermore, the spectrum of the mesodermal subtypes generated by inducers can be altered by the presence of other molecules called competence modifiers, which switch the fate of mesodermal tissue induced by FGF from a ventral to a dorsal type (Christian et al., 1991; Smith and Harland, 1992; Sasai et al., 1994) . Accordingly, these factors, which include members of the Wnt family, work synergistically with mesoderm inducers to promote formation of dorsal mesoderm (Moon and Christian, 1992) .
Dorsal mesoderm not only initiates the movement of sheets of cells during gastrulation but is also a dorsalizing centre which contributes to the further patterning of the mesoderm layer. In a more general manner, the morphogenetic movements of gastrulation which establish the threelayered structure, are clearly associated with distinct adhesive properties within and outside each germ layer and provide an illustration of the way in which cell identity and cell sorting are linked through the acquisition of appropriate surface properties (Gurdon, 1992) .
The cadherin superfamily, which represents the major class of Ca 2 + -dependent adhesion molecules expressed during early Xenopus embryogenesis, has been proposed to mediate differential adhesion between embryonic cells (Takeichi, 1991) . Although EP-cadherin displays an ubiquitous expression at the blastula and gastrula stages (Ginsberg et al., 1991) , most cadherins have a restricted expression pattern linked to cell identity. After the midblastula transition, E-cadherin is synthesized in the presumptive ectoderm (Choi and Gumbiner, 1989) and, during neural induction, is replaced by N-cadherin in the neurectoderm (Detrick et al., 1990) . The switch from Ecadherin to N-cadherin clearly highlights the potential link between inductive signalling pathways and the expression of adhesion molecules.
Whereas mesoderm inducers act via tyrosine or serine/ threonine kinase receptors (Musci et al., 1990; Matthews and Vale, 1991; Matthews et al., 1992) , the putative frizzled receptors for the Wnt family of competence modifiers belong to the superfamily of G protein-coupled receptors (Bhanot et al., 1996) . Indeed, a recent report has revealed that some Wnt proteins work through specific frizzled homologues to stimulate the phosphatidylinositol signalling pathway via heterotrimeric G-protein subunits (Slusarski et al., 1997) .
As the main heterotrimeric G protein known to activate the b isotype of phospholipase C (PLCb) is Gq protein (Rhee and Choi, 1992) , we decided to study the expression and the function of its a subunit. Indeed, several observations suggest an early participation of aq in Xenopus embryogenesis: aq protein can activate Xenopus PLCa in vitro (Filtz et al., 1996) and it can functionally associate with the b1 subunit (Dippel et al., 1996) which is expressed in early Xenopus embryos (Devic et al., 1996b) .
Results

Developmental expression of XGaq mRNA
In order to examine the kinetics of XGaq gene expression, we analyzed the abundance of the transcripts in total RNA isolated from staged embryos by Northern blot analysis (Fig. 1) . We used the coding region of the X-Gaq mRNA to derive the probe (see Section 4) and a probe corresponding to the 3′ untranslated region gave the same results (data not shown).
The results presented in Fig. 1 show that maternal XGaq transcripts are abundant in oocytes and their levels remain sustained up to the mid-blastula transition. Although XGaq transcripts are still present at gastrulation and at larval stages, their amount strongly decreases. A major transcript of 3.1 kb is clearly present in oocytes and early embryos, but an additional 4.3-kb transcript can be detected in the early stages. A similar multiplicity of mRNA species has already Fig. 1 . Temporal expression of XGaq during Xenopus development. Northern blot analysis was carried out on 15 mg of total RNA from mature oocytes (OVO) and from embryos staged according to Nieuwkoop and Faber (1967) . (A) The blot was hybridized with a 32 P-labelled probe from the entire coding region of XGaq cDNA and autoradiographed for 5 h. The size of XGaq mRNAs was estimated from migration of the RNA ladder and is indicated on the left. (B) The blot was hybridized with a 32 P-labelled probe from the entire coding region of EF1a cDNA. This elongation factor is ubiquitously expressed in the Xenopus embryo and its levels increase from the midblastula transition at stage 8 (Krieg et al., 1989). been described for Gaq in mouse tissues (Strathmann and Simon, 1990) .
In order to determine the spatial distribution of the transcripts, we performed whole mount in situ hybridization (Fig. 2 ). An intense staining is already visible at the animal pole of the mature oocyte ( Fig. 2A) . This localization was confirmed on sections with a radiolabeled probe (data not shown). After fertilization and the first cleavage, hybridization with the XGaq antisense probe remains concentrated in the animal side of each blastomere (Fig. 2B) . During later cleavage, the staining is associated with the animal region ( Fig. 2C-D) . At gastrulation, XGaq transcripts are expressed above the blastopore lip (Fig. 2E) . At the neurula stages, the expression is restricted to the neurectoderm (Fig.  2F) . The XGaq transcripts can be detected later at larval stages in the central nervous system (data not shown).
Taken together, these results show that maternal XGaq transcripts are restricted to the animal pole of oocytes and to the animal blastomeres of cleaving embryos. After the midblastula transition, they are replaced by zygotic transcripts, which are selectively expressed in the neuroectoderm and later in some of its derivatives.
Microinjection of aq and a constitutively activated Q209Laq mutant decreases adhesion of ectodermal cells in whole embryos
In order to assess the functional role of XGaq protein, we decided to inject XGaq mRNA and a mutated XGaq mRNA encoding a constitutively activated protein. As previously described for the mammalian protein (Wu et al., 1992) , we constructed the mutant Q209Laq in which we substituted the glutamine residue that is conserved throughout the GTPase superfamily and is necessary for GTPase activity. Since the signal originates at the G protein a chain rather than the receptor, receptor desensitization and down-regulation which normally turn off signalling no longer operate.
In vitro transcription/translation of the wild-type and mutated cDNAs yielded a 43-kDa protein (Fig. 3A) . When incubated with a high concentration of trypsin, aq protein was fully digested, whereas Q209Laq protein gave rise to a protected fragment. Decreased sensitivity to trypsin degradation characterizes the a subunits in the active GTP conformation (Audigier, 1994) ; these data therefore indicated that the mRNAs were correctly translated and confirmed that more GTP-liganded proteins were indeed obtained with the GTPase-inactivated protein.
Preliminary experiments revealed that biological effects were obtained when aq mRNA was microinjected in the ng range. Microinjection of 1 ng aq mRNA in the animal pole of each blastomere at the two-cell stage did not induce morphological alterations until the middle of gastrulation. From mid-gastrulation to neurulation, most injected embryos displayed protruding patches of cells which dissociated from the ectodermal layers (Fig. 3C ). It must be stressed that the dissociated cells did not take up Trypan blue. A similar phenotype was obtained with the Q209Laq RNA, albeit with much lower amounts, i.e. in the picogram range ( Fig. 3D , Table 1 ), which probably correspond to the concentration of endogenous aq mRNA. As shown in Table  1 , the penetrance of the phenotype depended upon the amount of injected Q209LGaq mRNA.
To further analyze the morphological defects caused by the injection of the mutant construct, the embryos coinjected with b-galactosidase mRNA were stained and then sectioned (Fig. 4) . It should be stressed that strong b-galactosidase staining was exclusively found in the ectodermal layer ( Fig. 4A,C) , suggesting that the microinjection did not lead to ectopic expression of the mutant protein. From late gastrula to neurula stages, the ectodermal layer of Q209Laq-injected embryos was appreciably disorganized and contained numerous patches of dissociated cells (Fig.  4D ), in contrast to the ectoderm of the b-galactosidaseinjected embryos, where the cells were tightly associated in an uniformly stained plurilayer (Fig. 4B ).
The disaggregation phenotype displays the same temporal properties in ectodermal explants and is not related to the expression of maternal adhesive molecules
As the disaggregated phenotype was restricted to the ectoderm layer, it was of interest to directly analyze this defect using animal cap explants. When isolated and healed at the blastula stage, explants from b-galactosidase-, aq-or Q209Laq-injected embryos were undistinguishable, and remained normal when they were cultured to a stage corresponding to the mid-gastrula. Only subsequently did animal caps isolated from Q209Laq- (Fig. 5B ) or aq-injected ( Fig.  5C ) embryos shed numerous dissociated cells into the medium and exhibit large patches of protruding cells at their surface. It is thus striking that the appearance of the pheno- type strictly followed the kinetics observed in whole embryos. The nature of the phenotype suggested that expression or activity of adhesive molecules could be altered by the constitutively activated aq mutant. We decided therefore to study the effect of Q209Laq-injection in a cell-cell adhesion assay (Fig. 6 ) similar to that reported by Angres et al. (1991) . In all injected embryos, the dissociation (Fig. 6A,B) and reaggregation (Fig. 6C,D) steps were very similar. Moreover, the reaggregation was clearly not impaired by the injection of Q209Laq mRNA, as the same pattern of aggregation was observed, with broad contacts between the membranes of neighbouring cells. However, while the explants from b-galactosidase-injected embryos remained aggregated (Fig. 6E) , those from Q209Laq-injected embryos subsequently started to dissociate, at a stage corresponding to that of the late gastrula (Fig. 6F) .
The injection of Q209Laq mRNA selectively decreases EP-cadherin RNA levels and coinjection of cadherin mRNAs rescues the disaggregated phenotype
From the kinetics and localization of the defect, the likely candidates were the two adhesion molecules, E-cadherin and EP-cadherin (Choi and Gumbiner, 1989; Ginsberg et al., 1991) . Using an RT-PCR assay performed on animal cap explants, we found that EP-cadherin mRNA levels were significantly decreased in the Q209Laq-injected embryos, whereas E-cadherin mRNA levels were not modified (Fig. 7A,B) .
In order to prove that the disaggregated phenotype specifically resulted from the decrease of EP-cadherin RNA levels, we co-injected the mutated X-Gaq RNA and different amounts of EP-cadherin RNA. Preliminary experiments revealed that a better rescue was obtained when the levels of Q209Laq mRNA were reduced to the picogram range. This is doubtless because a high level of EP-cadherin can itself cause adhesion defects (Levine et al., 1994) . As shown in Table 2 , where the rescue experiments were performed simultaneously on whole embryos and animal cap explants, co-injection of EP-cadherin reduced in a dose-dependent manner the severity of the disaggregated phenotype induced by Q209Laq mRNA; 0.1 ng of EP-cadherin mRNA began to partially rescue the disaggregated phenotype induced by Q209Laq mRNA, whereas 1 ng of EP-cadherin mRNA was fully effective. Fig. 8 illustrates the dose-dependency of the rescue obtained in animal cap explants, where it is exemplified by the differential number of protruding cells at the surface of the explants (Fig. 8B versus Fig. 8C,D) . Coinjection of similar amounts of E-cadherin mRNA led to analogous results in whole embryos as well as in explants (Table 2 , Fig. 8E,F) . To confirm the results observed in whole embryos, the embryos coinjected with b-galactosidase mRNA were stained and then sectioned (Fig. 9) . Whereas sections from Q209Laq-injected embryos showed extensive signs of dissociation in the ectodermal layers (Fig. 9A) , ectodermal cells from cadherin-coinjected embryos were tightly associated and formed a homogeneous plurilayer (Fig. 9B,C) .
Discussion
Temporal and spatial expression of X-Gaq transcripts
X-Gaq mRNA is observed in the mature oocyte and thus can be considered as a maternal mRNA. On the other hand, the transcripts detected at the larval stages very likely correspond to zygotic transcripts. Regardless of the onset of zygotic expression after the mid-blastula transition, the zygotic transcripts relay the expression of the maternal transcripts within the same ectodermal lineage, where they become restricted to the prospective central nervous system. This progressive tissue restriction is likely to account for the temporal decrease of mRNA levels observed by Northern blot analysis of whole embryos.
X-Gaq mRNA is localized to the animal pole of mature oocytes, where it is maintained after oocyte fertilization and embryo cleavage. Interestingly, a restriction to the animal hemisphere and a localization in the prospective nervous system were also observed with X-Gb1 mRNA, encoding the major b subunit of GTP-binding proteins expressed during early Xenopus embryogenesis (Devic et al., 1996b) . Such a colocalization indicates that the active Gq protein may be a complex composed of the aq and b1 subunits, similar to that described in a rat leukaemia cell line (Dippel et al., 1996) .
The present data do not provide any clues about the function of the maternal protein, which might be the pertussis toxin-insensitive G protein that has been proposed to mediate egg activation at fertilization (Kline et al., 1991) . On the other hand, the kinetics and the nature of the phenotype induced by the injection of wild-type and mutant aq RNAs strongly suggest the involvement of the zygotic Gq protein in the adhesive defect.
Specificity and time-course of the phenotype induced by injection of aq and Q209Laq mRNAs
The first manifestation of the aq-induced or Q209Laq-induced phenotype is a dissociation of the ectodermal cells, which occurs at late gastrulation.
Microinjection of wild-type and mutant aq RNAs at the two-cell stage does not induce morphological alterations until the middle of gastrulation, both in whole embryos and in explants. Similarly, sections of injected embryos do not reveal any sign of dissociation in the ectodermal layer before late gastrula. Finally, the reaggregation experiments clearly reveal that dissociated ectodermal explants from Q209Laq-injected embryos reaggregate normally before their subsequent dissociation, which occurs much later, at a time corresponding to the late gastrula stage. Thus, the long interval from the time of injection to the onset of the phenotype eliminates non-specific toxic effects which are usually apparent before late cleavage stages.
It is noteworthy that dissociated cells do not take up Trypan blue and thus are not dead or dying cells which subsequently disaggregate. Furthermore, b-galactosidase staining is only detected in the ectoderm, suggesting that the mRNA injected in the animal pole of each blastomere co-segregates with the animal blastomeres of the cleaving embryos and the prospective ectoderm. Within the ectodermal layer, sections clearly show that sites of lesion always contain stained cells. Consequently, since dissociating cells comprise the descendants of injected cells, it is very likely that the adhesive defect results from the injection of aq or Q209Laq mRNAs.
Wild-type and mutant aq RNAs induce the same disaggregated phenotype, albeit with a different efficiency. Whereas wild-type aq mRNA is active in the nanogram range, Q209Laq mRNA exerts its effects in the picogram range. Not only is this ratio, reflecting the relative efficiencies of a constitutively activated and an overexpressed protein expected, but an activity in the picogram range also clearly rules out a possible saturation of the translation machinery which might alter secondarily the translation of the endogenous active proteins.
Taken together, the delayed appearance of the phenotype, the similar activities of overexpressed aq or Q209Laq RNAs, and the effect ofQ209Laq mRNA in the picogram range strongly emphasize that the phenotype is not the result of a non-specific toxic effect and is directly linked to the function of the zygotic protein. 
Cellular and molecular basis of the Q209Laq-induced phenotype
The Q209Laq-induced phenotype is similar to that reported after injection of an amino-terminally-truncated form of N-cadherin, which acts as a dominant-negative mutant of cell adhesion (Kintner, 1992) , and additionally to the adhesion defects produced by expression of a carboxy-terminally-truncated form of EP-cadherin in the animal hemisphere (Lee and Gumbiner, 1995) . Consequently, the cellular defects suggest a change in the properties of adhesive molecules, most likely of the cadherin family.
As discussed previously, the time-course of the adhesive defect, as well as the cell-cell adhesion assay performed on animal cap explants from Q209Laq-injected embryos, suggest that maternal cadherins are not involved in the disaggregated phenotype. Consequently, a decrease in Ecadherin expression could have been expected, in view of its pattern of expression in the ectodermal layer (Choi and Gumbiner, 1989) . However, the experiments performed on animal cap explants showed a decrease of EP-cadherin mRNA levels but no change in the expression of E-cadherin.
Although EP-cadherin represents the major maternal cadherin (Ginsberg et al., 1991) , there is clearly also a zygotic EP-cadherin, since its RNA can be detected in the tail-bud stages (Ginsberg et al., 1991) and a dominant-negative mutant for EP-cadherin induces the disruption of gastrulation movements (Lee and Gumbiner, 1995) . Regardless of the ubiquitous expression of zygotic EP-cadherin (Ginsberg et al., 1991) , the temporal and spatial characteristics of the phenotype we describe are consonant with a selectively decreased expression of zygotic EP-cadherin in the ectodermal layer. A specific effect on the ectodermal EP-cadherin can be easily explained by the restricted expression of injected Q209Laq mRNA. In addition, it suggests that the two cadherins might be differentially regulated by exogenous stimuli. The dose-dependent rescue of the disaggregated phenotype by co-injection of EP-cadherin RNAs further supports the strong convergence between the cellular defects and the molecular data. All embryos were injected with 1.25 pg Q209Laq RNA. The injection was performed at the two cell stage in the two blastomeres in the animal pole. Adhesion defects were defined as clear patches of dissociated ectodermal cells at late gastrulation. As the analysis of the phenotype is rather qualitative, it has to be stressed that some embryos or explants were scored as defective, even though they displayed reduced lesion surface.
On the other hand, co-injection of E-cadherin RNA also decreases the severity of the disaggregated phenotype induced by injection of Q209Laq RNA. Cadherin molecules interact homophilically, so this finding cannot be explained by the formation of complexes between the two different cadherins. This possibility has already been ruled out by the inability of EP-cadherin to compensate for the disruption of E-cadherin function (Levine et al., 1994) . On the other hand, it remains to be understood why ectodermal cells express two types of cadherin and whether the function of one can substitute for that of the other. Accordingly, without excluding a specificity of the down-regulation, overexpression of E-cadherin could, by non-specifically strengthening interaction between ectodermal cells, compensate for the decreased adhesion resulting from the lower expression of EP-cadherin RNA.
In summary, these data suggest that a receptor coupled to the zygotic Gq protein might control the adhesive properties of ectodermal cells by regulating the zygotic expression of the EP-cadherin gene.
Physiological link between Gq-coupled receptors and expression of EP-cadherin
It must be stressed that only ectodermal cells stained positively with b-galactosidase. Judging by the ectodermal localization of aq transcripts, the injection never led to ectopic expression. Consequently, the amount of active aq protein was modified at its physiological site of expression.
It is noteworthy that overexpression of aq protein led to the same phenotype as that induced by its constitutively activated form, Q209Laq: whereas the latter bypasses the physiological stimulation of the receptor, activation of the wild type aq protein, i.e. loading of GTP, requires upstream stimulation of the receptor. Consequently, hyperactivity of the signalling pathway following overexpression implies that the Gq-coupled receptors are indeed expressed on ectodermal cells and stimulated by their endogenous ligand during the morphogenetic movements that characterize gastrulation. Even though the receptors and EP-cadherin are ubiquitously expressed, the ectodermal localization of zygotic Gq protein would provide a selective regulation of the EP-cadherin gene in this embryonic layer, which undergoes extensive adhesion changes during the epiboly movements of gastrulation (Keller, 1980) . Among the few serpentine receptors shown to be expressed during early embryogenesis (Colas et al., 1995; Alcedo et al., 1996; Bhanot et al., 1996; Devic et al., 1996a; van den Heuvel and Ingham, 1996) , frizzled receptors for Wnt factors (Bhanot et al., 1996) are likely candidates for coupling to zygotic Gq protein. Interestingly, Xwnt-5A was shown to decrease Ca 2 + -dependent cell adhesion and this activity was mimicked by a dominant-negative N-cadherin (Torres et al., 1996) . In addition, some Wnt proteins clearly work through specific frizzled homologues to stimulate the phosphatidylinositol signalling pathway via heterotrimeric G-protein subunits (Slusarski et al., 1997) . So a picture emerges in which the activity of Wnt-5A results from the interaction with serpentine frizzled receptors and is transduced through activation of a GTP-binding protein into changes in intracellular calcium which lead to variations in cell adhesion. Accordingly, it is tempting to speculate that, during the morphogenetic movements of gastrulation, a member of the Wnt-5A class regulates the adhesive properties of the ectodermal layer through stimulation of a frizzled-like receptor coupled to zygotic Gq protein.
Experimental procedures
Embryos and explants
Fertilized embryos were obtained as previously described (Newport and Kirschner, 1982) . Staging was established according to the tables of Nieuwkoop and Faber (1967) .
Animal cap explants were isolated from stage 8 embryos. The explants were allowed to heal for 1 h in 1× NAM buffer and were then cultured in 0.1× NAM buffer. In reaggregation experiments, the explants isolated at the same stage were dissociated for 1 h in a Barth dissociation medium before being transferred to a 1× NAM buffer.
RNA extraction
Total RNA was extracted from staged Xenopus embryos or explants by the addition of 1 ml RNA-Now (BIO 101). Phenol extraction was performed after addition of 200 ml chloroform and RNA from the aqueous layer was isolated by isopropanol precipitation.
Prior to Northern blot experiments, staged embryos were digested with 1 mg/ml proteinase K prior to RNA extraction (see below).
PCR amplification
For isolation of the entire aq coding sequence, cDNA was synthesized in a 20 ml reaction mixture containing 2 mg of polyA RNA isolated from oocytes using the SuperScript II GIBCO BRL kit. cDNA (0.5 ml) was used as a template in a 100 ml amplification mixture containing 200 mM dNTPs, 2.5 U AmpliTaq polymerase (Perkin-Elmer Cetus) and 0.5 mM of each primer. During the 35 cycles of the reaction, the denaturing, annealing and extension steps were optimized for 30 s at 94 and 60°C, respectively, the extension step being for 1 min at 72°C. The sequences of forward and reverse degenerate primers were, respectively: 5′-CCCCACTAGTCAAGGAGGC-3′ and 5′-GAGAGC-TAGCAGGCACCATTAC-3′ and were obtained under the Gene Bank accession number U10502 submitted by Shapira et al. (1994) . The 1.177 bp amplified fragment was purified by the GeneClean procedure (BIO 101) and subcloned in a pIBI31 vector. The sequence of the amplified cDNA was determined with a Sequenase II kit (USB).
For amplification of cadherin cDNA fragments, cDNA was synthesized from total RNAs extracted from 7 to 9 animal cap explants. One microlitre of cDNA was used as a template in a 20 ml amplification mixture containing 200 mM dNTPs, 1 U HiTaq DNA polymerase (Bioprobe) and 0.5 mM of each primer. During the 20 cycles of the reaction, the denaturing, annealing and extension steps were optimized for 30 s at 94, 57 and 72°C, respectively. The sequences of forward and reverse degenerate primers (kindly provided by Dr. M. Wolff) were, respectively: EP-cadherin: 5′-GGAGT-CAGAGTATGTCAA-3′ and 5′-TCCCTCACAGATGCA-CAC-3′; E-cadherin: 5′-ACAGTGGCTCTCCTTCAG-3′ and 5′-GTAATATGGAGCTTTGTCAC-3′.
Ten microlitres of the PCR reaction were electrophoresed in a 1% agarose gel. The gel was blotted on to nylon membranes and UV crosslinked using standard protocols. The blots were probed with each amplified cadherin fragment, randomly labelled with [a 
Screening of the cDNA library
The Xenopus laevis cDNA library was made at developmental stage 11 in lgt 10 by Drs. P.A. Krieg and D.A. Melton (Krieg and Melton, 1985) . This library was plated on E. coli C600/hfla -at a density of 20 000-30 000 plaques per 140 mm plate. Recombinants were transferred to nitrocellulose filters (Hybond C, Amersham), denatured, baked for 2 h in vacuo at 80°C and prehybridized in 50% formamide, 5 × SSC, 2 × Denhardt's solution, 0.1% SDS at 42°C for 3 h. Hybridization was carried out for 16 h at 42°C, in the same buffer containing 50 mg/ml sonicated salmon sperm DNA with, as probe, 2 × 10 6 cpm per filter of the previously amplified aq cDNA, randomly labelled with [a 32 P]-dCTP (Amersham). The filters were washed in buffers of decreasing stringency down to 0.1 × SSC, 0.1% SDS at 42°C and autoradiographed overnight. Positive clones were purified and subjected to secondary and tertiary screening. The selected clones were digested with EcoRI and subcloned in pIBI 31 vector. The largest insert, sequenced with a Sequenase II kit (USB), corresponded to a truncated cDNA lacking 249 bp in the amino-terminal coding region and containing 790 bp in the 3′ untranslated region.
Northern blot analysis
Ten staged embryos were digested with 1 mg/ml proteinase K in the presence of 1% SDS for 1 h at 37°C. The digestion medium was extracted twice with phenol/chloroform and precipitated by ethanol. The last precipitation was carried out with 4 M LiCl. Total RNAs were electrophoresed in a 1.2% denaturing agarose gel containing 0.66 M formaldehyde. The gel was blotted on to nylon membranes (Hybond N, Amersham) with 10× SSC and UV crosslinked using standard protocols. Membranes were prehybridized in 50% formamide, 5× SSC, 2× Denhardt's solution, 0.1% SDS at 42°C for 5 h. A randomly labelled probe corresponding to the entire coding region of Gaq cDNA (specific activity: 0.5-1 × 10 9 cpm/mg) was hybridized overnight at 42°C in the same buffer containing 50 mg/ml sonicated salmon sperm DNA. Membranes were washed down to 0.5× SSC, 1% SDS stringency at 42°C and exposed to X-ray film with intensifying screens at −70°C.
In situ hybridization and probe synthesis
The dejellied embryos were fixed for 2 h at room temperature in MEMFA (0.1 M MOPS pH 7.4, 2 mM EGTA, 1mM MgSO 4 , 3.7% formaldehyde), rinsed and conserved at −20°C in methanol. Whole-mount in situ hybridization was performed using digoxygenin-labelled antisense RNA probes corresponding to the entire coding region of XGaq mRNA. XGaq cDNA subcloned in pIBI 31 vector was linearized with Xho I and transcribed in the presence of DIG-11-UTP (Boehringer Mannheim). A sense RNA probe was transcribed from the same vector linearized with BamHI.
Specimens were prepared, hybridized and stained by the method previously developed by Harland (1991) , with some modifications. Prehybridization was carried out at 70°C for 5 h and hybridization at 60°C overnight. Detection was performed in the Boehringer blocking reagent with alkaline phosphatase-coupled anti-digoxygenin antibodies (1/2000) overnight at 4°C. After washing, the chromogenic reaction was obtained with the BM-purple AP-substrate (Boehringer Mannheim). After colour development, the embryos were fixed in Bouin's fixative, washed in 70% ethanol and stored in methanol. The pigmented embryos were then bleached in methanol/hydrogen peroxide (10%)/formamide (5%) for about 3 h.
Generation of the constitutively activated Q209Laq mutant
The entire coding sequence of XGaq cDNA was subcloned in the plasmid Bluescript RN3 (a generous gift from Dr. P. Lemaire) . From this template, we synthesized the Q209Laq mutant by a double-step strategy as previously described (Devic et al., 1994) . The occurrence of the mutated codon was analyzed by sequencing.
In vitro transcription and translation of microinjected RNAs
Capped aq and Q209Laq RNAs were obtained using the T7 Megascript RNA transcription system (Ambion) as previously described (Lemaire et al., 1995) . The pSP64-EPcadherin and pSP64-E-cadherin plasmids, a generous gift from Dr. Gumbiner, were transcribed with SP6 polymerase (Boehringer). Template DNA was removed by DNase I digestion, and RNA was phenol-extracted, purified by chromatography on Sephadex G-50 and ethanol precipitated. RNA was assayed for integrity by formaldehyde gel electrophoresis. The different RNAs were translated in rabbit reticulocyte lysate as previously described (Audigier, 1994) .
Microinjection experiments and b-Gal staining
At the two-cell stage, embryos were transferred to a 1× NAM solution containing 4% Ficoll. Capped RNAs (4.6 nl) were injected in the animal region of each blastomere using a Drummond Nanoject microinjector. After 3 h, the medium was replaced by a 0.1× NAM solution.
Lineage tracing of cells injected with RNA was performed as described by Lemaire et al. (1995) .
